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Hydraulic model s tudies  of the Milburn Diversion Dam, 
hcadworks, and sluiceway were made in the Hydraulic Labora-  
tory, Bureau  of Reclamation, Denver ,  Colorado. They were 
conducted by J. W. Short, R. A. Dodge, and P. F. Enger,  under 
the d i r ec t  supervision of E. J. Carlson.  Severa l  foreign t r a inees  
participated in the investigations and calculations. The s tudies  
and operat ions  were  s tar ted in December  1951 but were inter-  
rupted t o  c a r r y  on Bart ley mod'el study which had a higher priori ty.  
The Milburn model study was completed in August 1953. 

The s tudies  were  made in cooperation with the Divers ion 
Works Section, Canals  Branch, Office of the Assistant Commis -  
s ioner  and Chief Engineer. Consequently, the laboratory was f r e -  
quently visited by Messrs .  A. W. Kidder, H. E. White, ,J. A. 
Huffei-d, and others.  The i r  in te res t  in the problem led to many 
helpful and constructive ideas. 
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SUMMARY 

Milburn Diversion Dam, which i s  par t  of the Missour i  River  
Basin Pro jec t ,  Nebraska, is to be built on the Middle Loup, an alluvial 
r i ve r  and sediment control was a ma jo r  consideration in the design. 
The Hydraulic Laboratory was authorized to make a model study to 
check the final arrangement  of the sluiceway and headworks in regard 
to sediment control. 

T e s t s  were made with a 1:16 sca l c  hydraulic model. The 
headworks," spillway, sluiceways,  par t  of the ear th-f i l l  dike, and par t  
of the r i v e r  channel were  represented.  Besides  testing the prelirni- 
nary  design, studies were  conducted with guide walls, a tunnel, and a 
combinatior of guide walls with the tunnel. 

The  resu l t s  of the various arrangements  were  expressed a s  
concentration ra t ios ,  Co/Ch,  the sediment concentration in the com- 
bined discharge of the sluiceways, spillway, and headworks divided 
by the sediment  concentration in the headworks discharge.  A summary  
of the concentration ra t ios  for  the designs tested can be seen in Table 1. 

The concentration rat io  for  the prel iminary design was 0.25.  
This  ra t io  was low principally because more  water than that which 
passed through the headworks was desil ted.  The guide wall  sys t ems  
resulted in concentration ra t ios  that varied from 0.25 to 0. 44. The 
average concentration rat io  for  the combination of the tunnel and guide 
walls was 0.92, when the discharge in the headworks and in each of the 
sluiceways was 100 cfs .  The tunnel arrangement  resulted in an aver-age 
ra t io  33.  3 when operating a t  a sluiceway discharge of 310 cfs and a 
headworks discharge of 100 cfs.  

The tunnel was recommended to be incorporated into the pro- 
totype s t ruc tu re .  The average concentration rat io  w a s  15. 0 for  the 
range of 102 to 410 cfs in the sluiceway and 100 cfs  in the headworks. 
Figure 10 shows the general  plan of the tunnel. The photograph in Fig- 
ure  11 shows the tunnel, sluiceways.  headworks,  and par t  of the 
spillway. 



Milburn Diversion Dam, par t  of the Missouri  River Basin 
Pro jec t ,  Sargent Unit, i s  located approximately 70 mi les  northeast  
of North Plat te ,  Nebraska, near  the town of Milburn on the Middle 
I,oup River,  F igure  1. The dam consis ts  of an earth-fi l l  dike ap- 
proximately 15 fee t  high and 3,400 feet  long, a concrete overflow 
spillway, a sluiceway unit, and Sargent Canal headworks. The de-  
sign discharge f o r  Sargent Canal is 255 cfs ,  and the land to be ir- 
rigated is 13 ,740  ac re s .  The general  plan, elevation, and sections 
can be seen i n  Figure 2. F igure  3 is the vicinity map  and shows 
some dike and canal sections.  

The Middle Loud River has  an average sediment discharge 
of 27 a c r e  feet pe r  month during the i r r igat ing season. On the bas i s  
of this quantity of sediment, i t  w a s  felt that a model study was justi- 

1 fied. 

A le t ter  of authorization, received from the Acting Regional 
Engineer,  dated November 8, 1951, requested that a model study be 
made to  check the final details  of the headworks design from the stand- 
point of sediment control. 

A movable bed model of the prel iminary design was constructed.  
The model represented a portion of the r ive r  upstream from the dam, 
the headworks, the spillway, and the desil t ing basin. Besides  the pre-  
l iminary design, four  changes were  studied. The changes consisted of 
a tunnel, guide walls, and the tunnel combined with guide walls. 

To compare the various headworks and sluiceway ar range-  
ments,  data was taken and r e su l t s  were  expressed a s  concentration 
rat ios ,  C o / ~ h ,  the ra t ios  of the sediment concentrations in the com- 
bined discharges of the headworks, sluiceway, and spillway in pprn 
by weight to the concentrations in the headworks in ppm by weight. 

GENERAL DESCRIPTION OF MODEL 

A l : l6  scale  hydraulic model was used to study Milbrun Di- 
vers ian Dam. The model represented approximately 400 feet of the 
r ive r  bed upstream from the spillway and 176 feet of the compacted 
ear th  dike. The preliminary design had a desilting basin, spillway, 
and headworks. The spillway w a s  66 feet long and was divided by 
three 22-foot rad ia l  gates.  In the changes, the portion of spillway 
neares t  tile headworks was converted into two sluiceways with rad ia l  
gates. The headworks was always the same s t ruc tura l ly  but was 
placed near  the sluiceway during Changes I through IV. 

During all of the studies the model was operated a t  a normal  
water sur face  elevation of 2484. 5 feet ,  the r ive r  discharge was always 
793 c f s ,  and sand was fed s o  as to produce a r i v e r  sediment discharge 
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sheet  metal  hopper, a vibrating pan controlled by a rheostat ,  and a 
vaned spreader  (see F igure  4). The feed was constant, and t.he sand 
was distributed evenly in the water  entering the model. 

The sand used in the study was  produced from a loosely ce-  
mented sandstone, The stone was broken down in a h a m m e r  mi l l  and 
resulted in a fine uniform sand that moved .well with fa i r ly  low water 
velocities. The mean d iameter  was 0.2 m m  with 90 percent retained 
on a No. 100 United States standard s c r e e n  and 90 percent passing a 
No. 40 United States  standard screen.  F igure  5 shows the s ize  analy- 
s e s  of the prototype and mode: sands. 

Before taking data, the model was allowed to run until equili- 
brium was reached. When this  condition w a s  achieved, the model had 
established i t s  natural  bed slope, and the amount of sand entering the 
mode! was equal t o  the amount of sand leaving the model. 

The concentrations of sand passing the headworks, sluiceway, 
and spillway were  obtained by collecting representat ive samples  of wa-  
t e r  with their  sediment loads. F o r  sampling, a trough with a narrow 
s l i t  was passed back and forth through the nappes as shown in F igure  
6a. The samples  passed f rom the trough to  the collecting tanks, F ig-  
u re  6b, where the sand was allowed to settle. The volumes of the 
sample and the sand were  then measured,  and the concentrations 
were  calculated. 

THE INVESTIGATIONS 

Prelimiriary Design 

The general  plan of the model fo r  the prel iminary design can 
be seen in F igure  7. The model represented a 176-foot portion of the 
compacted ea r th  dike, a 66-foot spillway controlled by three  radial  
gates ,  a desilting basin approximately 160 feet  wide and 430 feet  long, 

l 
and the headworks to Szrgent Canal. 

The headworks discharge was s e t  a t  100 cfs. This discharge 
i s  equivalent to the 50 percent discharge of the flow duration curve fo r  
Sargent Canal as  shown in Figure 8. Concentration samples  were  
taken of the spillway flow. The average sediment concentration for  17 
hours  of operation w a s  249 ppm by weight o r  50 percent of the sand en- 
ter ing the model. Assuming equilibrium, this left 50 percent deposited 
i n  the desilting basin. If the basin w a s  operating with the concentra- 
tions the s a m e  in all the component discharges and with just the head- 
works flow passing into the basin, only 12.5 percent of the sand en ter -  
ing the model would have settled in the basin. The desilting basin had 
a la rge  entrance and low velocity. Much m o r e  water than that which 
passed the headworks was desilted and then circulated out to pass  over 
the spillway. Consequently, a wave ~f sediment traveled down the ba- 
sin.  Figure 9 shows how the top edge of the wave progressed with t ime. 



that deposited in the desilting basin was associated with the volume of 
water passing through the headworks f o r  calculating the headworks 
concentration. Because of the low concentration ra t io  in the operation 
of the desilting basin, other  possible designs were studied. 

Change I (Tunnel Design Recommended) 

The prel iminary design was converted to Change I by replac-  
ing the left* spillway unit with two 11-foot sluiceways, controlled by 
radial  gates ,  and adding a tunnel. As shown in Figure 10, the sluice- 
way floors were  installed a t  bed elevation. The headworks was placed 
near  the left sluiceway, and the tunnel was  formed by constructing a 
roof a t  headworks c r e s t  elevation. The leading edge of the tunnel roof 
was a c i rcu lar  a r c  with a rad ius  of 11 feet. The center  of the a r c  was 
located at  the intersection of the adjacent, walls of the headworks and 
left sluiceway. F o r  the prototype, it was decided that the desilting ba- 
sin is to be placed downstream from the headworks. Therefore ,  the 
desilting basin was not included in this o r  the remaining studies.  The 
purpose of this design was to separate  the lower portion of the discharge,  
which contains most  of the sediment,  and diver t  it through the sluiceway. 
The photograph in Figure 11 shows a ba r  that formed on the tunnel roof 
and provision should be made for sluicing it. 

The f i r s t  run of this change was with the discharge of the head- 
works and each of the sluiceways equal to 102 cfs.  The remainder  of 
the water was passed over  the spillways. Operating in this manner,  
the concentration ratio,  Co/Ch, averaged 2. 7 for  40 hours  operation. 

A s e r i e s  of runs  was made with the right sluiceway closed. 
The discharge in the headworks w a s  again 102 cfs,  and the flow in the 
left sluiceway was varied from 205 to 410 cfs. The variation of the 
concentration ra t io  is shown in Figure 1 2 .  The graph indicates that 
the best left sluiceway and tunnel flow was about 310 cfs.  During this 
run the Co/Ch ra t io  averaged 3 3 . 3  for  1 2  hours  of operation. The 
average ~ o / C h  ra t io  over  the total  sluiceway discharge range tested 
was 15.0. Th j s  average includes the f i r s t  run. 

Another s e r i e s  of runs  were conducted holding the headworks 
discharge a t  1 7 5  cfs. This  flow, F igure  8, i s  equaled and exceeded 
only 20 percent of the diversion time. The right sluiceway was closed, 
and the left sluiceway discharge was varied between 175 to 618 cfs .  
The highest average  C O / C ~  rat io  was 6 . 8  for 16 hours  operation and . 

occurred a t  a sluiceway discharge of 250 cfs. F igure  1 2  shows the 
plot of the ~ o / C h  ra t io  versus  the sluiceway discharge f a r  this s e r i e s  
of runs.  The average C O / C ~  ra t io  over  the total sluiceway discharge 
range tested was 5.00 

*The t e r m s  right and left a r e  used in the usual sense ,  i. e.  
looking downs trearn. 



Guide walls were combined with the tunnel as shown in Fig-  
u res  13 and 14. The walls were circular  and the radi i  of the right 
and left walls were 36 and 24 feet,  respectively. Their  centers  
were on the line extended f rom the left headworks wall. The right 
wall began a t  the sluiceway's center p ier  and terminated a t  a n  a r c  
of 61 degrees.  The left wall began a t  the left side of the headworks 
and terminated a t  a n  a r c  of 78 degrees.  The purpose of the guide 
walls was to take ad.vantage of the secondary currents  formed by 
the forced curved path. 

The model was operated for 22 hours with a discharge of 
100 cfs  in each of the sluiceways and in the headworks. Concentra- 
tion samples were taken of spillway, sluiceway, and headworks 
flows. The resulting average Co/Ch rat io was 0 .92 .  

Changes I11 and IV 

To see  how the guide walls would work alone, the tunnel of 
Change I1 was removed to form Change 111. Figure 1 3  is a general  
plan of the model for the guide wall arrangement .  Figure 15 shows 
the model of the headworks, guide walls ,  sluiceways, and the spill-  

I way. 

F o r  the f i r s t  run, the headworks and sluiceways were set 
a t  discharges of 100 cfs.  Concentration samples were taken of all 
the out -going discharges,  and the average Co/Ch ra t io  was 0.25 for  
1 2  hours operation.. Attempting to improve the concentration ratio,  
the guide walls were operated with the right sluiceway closed. The 
left sluiceway was se t  for  a discharge of 200 cfs. This  procedure 
resulted in an average Co/Ch ratio of 0 .44  for 14 hours  operation. 

Change IV, Figure 13, was a n  extension in length of the 
guide walls, s o  that the right and left walls had a r c s  of 80 and 85 
degrees,  respectively. The model w a s  operated with the right 
sluiceway closed. The discharge in the left sluiceway w a s  s e t  a t  
200 cfs and the discharge in the headwcrks was se t  at 100 cfs.  The 
average C O / C ~  ratio for this  run was 0 . 2 9  for 10 hours operation. 

CONCLUSIONS AND RECOMMENDATIONS 

The data shown in the summary chart  in Table 1 shows that 
of the systems tested, the tunnel arrangement resulted in  the most  
satisfactory sediment discharge character is t ics .  The model studies 
indicate that a headworks flow s f  about 100 cfs  and a sluiceway flow 
of about 310 cfs resulted in the highest average C o / ~ h  ratio which 
was 3 3 . 3 .  The average ~ o / C h  over the entire range of sluiceway 
discharges tested was 15.0.  



in Change I was used a s  the basis of design forsthe prototype s t ruc-  
tu re .  It is recommended that field samples be taken for various dis-  
charge conditions and analyzed to determine a n  optimum operating 
condition for the prototype structure. The tunnel was found to  work 
best with the right sluiceway closed. However, the right sluiceway 
should be of value for intermittent sluicing operations. 

Figure 11 shows that sand accumulated on top of the tun- 
nel. It is suggested that the sluiceway gate be made s o  that i t  can 
be opened above the tunnel top for sluicing this sand. 

A degradation study made by the Sedimentation Section, 
Hydrology Branch, concluded that the degradation downstream from 
Milburn Dam would be approximately 8 feet, and that this maximum 
would be reached sometime between 9 and 18 months. Among other 
assumptions, this estimate w a s  based on the pool elevation being 
maintained a t  normal water surface elevation throughout the year .  
This was the only logical way the study could be made. However, 
by careful regulation of the gates the degradation below the dam 
would be reduced to  a minimum. By keeping the water surface ele- 
vation a s  low a s  possible during the nonirrigation season and during 
the irrigation seasons of the f i rs t  yea rs  when the full canal discharge 
would not be required, a temporary equilibrium elevation of scour 
downstream would be established. This equilibrium would be achieved 
before the total sediment storage capacity was utilized. Thus, the 
maximum degradation could be less  than 8 feet. 



SUMMARY OF DATA 
- 

Klgllt Left 
Headworks sluiceway sluiceway Conceritration 
discharge discharge discharge rat io  

Model and Change cfs cfs cfs Co/Ch 
l?rellrninary design 100 0 0 *U. ZS 
Tunne 1 -I 102 102 102 2 .7  

102 0 205 8 .3  
102 0 307 33 .3  
102 0 410 15 .5  

average 15 .0  
175 0 350 2. '11 
175 0 5 2 5 4.25 
175 0 618 6.25 
175 0 175 6 . 8 0  

average 5 .00  
'~ 'unnel and- 100 100 0 . 9 2  
Gulde wall --I11 100 0 200 0 . 4 4  

. - - - - -- - - 

:%The volume of sand that entered the desiltirlg basin w a s  as- 
sociated with the volume of water p ~ s s i n g  through headworks f o r  cal- 
culating a hypothetical headworks concentration. 
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HYDROMETER ANALYSIS I SIEVE ANALYSIS 
T IME READINGS U.S. STANDARD SERIES I CLEAR SQUARE OPENINGS 1 

,005 ,009 019 .037 .074 .I49 2 9 7  ,590 1 19 2.38 4.76 9.52 19.1 
DIAMETER OF PARTICLE IN MILL IMETERS I 

GRADATION TEST 
MISSOURI RIVER BASIN PROJECT 



(a)  Sampling trough passing through nappe. 

(b)  Calibrated sampling tanks. 

Missouri River  Basin Project 
MZLnURN DIVERSION Dh.M 

1 :  16 scale model 
SAMPLING SYSTEM 
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(b) 1,ooking from downstl-earn. 
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(a) Looking from upstream. 




